Community gardening has become a growing movement in cities all over the world, where these diverse collectively managed spaces provide various economic, ecological, and social benefits for urban residents. Particularly in developed countries such as Germany, social benefits are the motivation to participate in community gardens more so than the harvests. Although research on community gardens has grown, including the question of their benefits to a sustainable development, there is little literature studying the social importance and social sustainability of community gardens. Therefore, the purpose of this paper is to examine social interaction, participation, and perceived success as a concept to assess social sustainability. The paper further aims to examine the conditions influencing social sustainability within community gardens. With the help of an online survey, we collect data from 123 community gardens throughout Germany, with which we assess diverse degrees of social sustainability. Causalities of gardens' social sustainability are analyzed with a multiple linear regression model. Results indicate that there is no significant relationship between size of community and social sustainability, rather aspects of trust and management have a strong effect on social sustainability. Findings like these lead to a better understanding of social interaction in urban communities that contribute to more social sustainability.
Introduction
In the last three decades, the importance of urban agriculture has increased to become a growing international movement [1] [2] [3] . Driving forces of this movement are global developments, their local consequences and the urgency to shift towards sustainable development. Very generally and most frequently, sustainable development is defined as a "development that meets the needs of the present without compromising the ability of future generations to meet their own needs" [4] . The necessity to move towards sustainable development is underlined by the global Agenda 2030 and its 17 Sustainable Development Goals (SDGs), adopted by the United Nations in 2015. These 17 SDGs are integrated and consistent with the three dimensions of sustainable development: the environment, focusing on the conservation of natural resources [5] ; the economy, focusing on prosperity for all human beings [6] ; and society, focusing on people's basic needs [5, 7] . Although more complex concepts of sustainability are developed and discussed, sustainability is predominantly seen in regard to these three dimensions. However, there are no widely acknowledged definitions for these dimensions.
Although the SDGs do not explicitly address urban agriculture, various topics are connected to it, such as end poverty and hunger (SDGs 1 and 2), ensure healthy lives (SDG 3), reduce inequalities but also regarding the production of social networks, social skills, and different ways of how we can live together. Even if community gardens (and other urban agriculture activities) are not able to replace the industrial food system or education system, they provide a "flavor" of various alternatives [29, 44] . Community gardens can therefore also be seen as a social economy, where production is not taking place for profit, but collectively and to satisfy human urban needs [45, 46] . Social economies like community gardens are a "new model for restoring community and democratic participation" [47] . Martin, Clift and Christie [31] described this set of features as social sustainability services. Over and above this, social interaction is described by many authors as an indicator that contributes to social sustainability [11, 31, 32, 34, 48, 49] .
Although there are many studies dealing with the social benefits of community gardens, there is only a limited number of studies deeply analyzing gardens' social function and assessing their social sustainability, especially on a larger scale [29, 30] . Moreover, there is a recognized general lack of academic research and concomitant statistics at national and international levels [15, 50] that explore the social functions empirically.
We intend to fill this gap by providing a concept that assesses social sustainability and elaborating on the social processes within community gardens. Further, we want to consider the chances to partake in social activities taking place in community gardens, and draw conclusions on community gardens' performance. Therefore, social interaction, participation, and perceived success are criteria we use to define and measure diverse degrees of social sustainability. Additionally, we are interested in finding out what characteristics of community gardens such as size, social heterogeneity, or trust, facilitate social interaction.
To do this, we conduct a quantitative survey that asks respondents to rank their gardens in terms of the criteria that we are determining to be measures of social sustainability. With the help of an online questionnaire, we collect data from 123 community gardens throughout Germany. We therefore contribute to scholarly empirically driven research in developed countries, especially in Europe, and non-English speaking countries where studies on community gardens are still rare [16] .
In the following, we present how we developed and designed criteria and variables to assess social sustainability, the data collection, and data analysis. Results of the study disclose various degrees of social sustainability in the community gardens examined, and demonstrate that aspects of trust within the community have a strong effect on gardens' social sustainability. Finally, we discuss the findings and challenges of the study and give future research directions.
Method
The research design consists of three steps: (1) development of criteria and variables that measure and influence social sustainability; (2) survey design; and (3) data analysis.
Criteria and Variable Development
To develop criteria and variables that measure and influence social sustainability of community gardens, our study was based on a literature review on community gardens, sustainable development, social sustainability, commons, and success [15, 17, 23, 36, 40, 43, 48, [51] [52] [53] [54] [55] [56] . Drawing on the systematic set-up of the database SESMAD [57] , we likewise classified variables as dependent variable (to measure social sustainability) or independent variable (variables that have an impact on social sustainability). The variables development was mainly based on commons theory, and were adapted to community gardens characteristic. We first needed to start with some rather general statements to grasp the diversity and the complexity of the gardens.
The criteria and variables developed to measure social sustainability are presented in Section 2.1.1. Section 2.1.2 outlines the independent variables, which have an impact on garden's contribution to social sustainability.
Social Sustainability Criteria
Since community gardens are socially-orientated initiatives, we refer to social and collective processes taking place within community gardens to assess their social sustainability. We developed the criterion social interaction to examine what is used and done collectively in community gardens, the criterion participation to examine the possibility to partake within these social interactions, and the criterion perceived success to further assess the performance of these social processes. All three criteria are based on several variables presented in Table 1 . We chose social interaction as a main criterion to assess social sustainability of community gardens. To define the criterion social interaction, we referred to the collective characteristic, which is essential for community gardens [29, 41, 43] and sets them apart from other urban agriculture and urban gardening activities. The collective characteristic included the collective use of diverse resources, social activities within the community, and the importance of social exchange [15, 16, 29, 40, 41, 43] .
Based on the literature review, we identified 23 resources that can be used collectively [3, 15, 16, 19, 20, 29, 41] . These resources include material resources such as a tool shed, water connection, compost, soil or the harvest. It further includes immaterial resources such as diverse work activities. Collective use can take place to varying degrees. For instance, some community gardens offer individual plots, some offer collectively used plots (collectively divided by a division of resources or collectively shared), and some offer a combination of individual and collectively used plots [15, 29, 41, 43] . Therefore, we developed different styles of use ranging from 1 individual use to 5 shared use. Regardless of the plot design, there is always a minimum of shared areas like social spaces to be found [41] . The 5 styles of use are applied to all 23 resources (see Supplementary  Materials, Table S1 for all 23 resources and the five styles of use). As an example, watering plants can be done individually on the private plot, or collectively through dividing or sharing. In this example, collective dividing means that watering is done through a collective allocation of the working task. If watering the plants is done through sharing, that means gardeners also do the watering together at specific garden meetings. We assume that the more resources are used collectively, the more social interaction is required to manage this collective use. We further assume that sharing requires even more social interaction since the absence of clearly allocated resources and allocated working tasks needs an ongoing exchange within the garden group. Indeed, the resource use in community gardens differs widely, and we assume that, to perform well, it needs to be adjusted to the particular members and their needs. However, our current study has not been able to identify a relationship between resource use and performance.
Next to work, an additional immaterial resource is social time. Social time can be spent together through diverse social activities such as barbeques or garden parties. Since social activities can only be done together and not individually, we opt for the variable frequency of social activities, coded from 1 (less than once a month) to 5 (four times a month and more).
The third variable that characterizes social interaction is the perceived importance of social exchange within the community garden project. This variable can reach values from 1 (very unimportant) to 5 (very important). By calculating the average of all three variables the degree of social interaction is defined. Since the value of each variable covers a range of values from 1 to 5, social interaction can reach values from 1 to 5 as well. We are aware of using the arithmetic mean for an ordinal scale. We assume that our items are quasi-metric and opt for the arithmetic mean instead of the median, to consider values deviating from others [58, 59] .
The next criterion we developed to measure social sustainability is participation. Participation seems relevant, since it is a broadly acknowledged mechanism to promote sustainable development, and therefore also to be found in scientific literature to define the concept of social sustainability [32, 33, 48, 56] . Bendt, Barthel and Colding [15] pointed out the possibility of immediate participation in "public-access community gardens" (PAC-gardens), which they define as gardens that are open for all citizens at all times, are collectively managed by various groups, and have absent to low formal obstacles (e.g., contract regulation, license or queue system), and thus a high degree of openness to participation. Following Bendt, Barthel and Colding [15] we referred to access right, management right, and the amount of precondition to participate as variables defining participation.
Access right signifies the right to enter the resource and enjoy non-subtractive benefits [51, 55] , such as enjoying the garden without taking fruits. Individuals who have access rights may or may not have rights permitting participation in particular activities and collective-choice action [32, 55] . Although community gardens are often called public gardens regarding access, ownership, and the degree of democratic control [3] , some gardens are fenced and have access restrictions, for instance limited access hours, and only members or plot holders may have keys [16, 29, 60] . We therefore examine access rights in community gardens coded from 1 to 5 and distinguish if the right is held by a third party (1); by the leader group (2); by the core group (3); by all gardeners (4); or all citizens (5) . The latter matches to the above-mentioned PAC-gardens. The leader group may consist of the board members of an association or the garden founders. The core group is defined as the group that regularly partakes within the garden project, including the leader group. By "all gardeners" we mean the total gardeners group consisting of the leader group, the core group, and gardeners that do not participate regularly. In public access community gardens, we further find residents who are using the garden for e.g., recreational purposes but do not participate in gardening activities. We understand this group as external users and categorize them as "all citizens".
With the variable management right, we examined what kind of user group is holding the management right and therefore holds power in decision-making processes [14, 15, 55] . We use the same values as for the variable access right, ranging from 1 (third party) to 5 (all citizens).
The variable precondition to participate leads to prevailing obstacles to participate in community gardens. We identified 4 preconditions: membership of the formal association, available garden plots, regular participation, and others. Depending on how many preconditions exist the variable ranges from 1 (four preconditions exist) to 5 (no preconditions exist).
Again, we used the average of all three variables to calculate the degree of the criterion participation. Same as the criterion social interaction, the criterion participation can reach values ranging from 1 to 5. Higher values indicate that residents can participate or benefit from the garden, easily. However, there may be many reasons why gardens are more or less open to the broader community, e.g., gardens do not allow public access or have to be fenced due to their specific location. Since the degree of participation does not enable us to predict a garden's success, a third criterion is required.
With the third criterion, we wanted to investigate on the successful performance of community gardens as an essential criterion to determine social sustainability. Success can be defined in many ways, however, studies investigating success within social initiatives, such as community gardens, are still at an initial stage and the social dynamic processes are difficult to identify and assess [53, 56] . According to de Haan, Meier and Haartsen [53] , the aspect of an active citizen and the production of a sense of community is more important than reaching the original goals of the initiative [53] . Oppositely, if citizens are not participating in social interaction and do not feel responsible for the initiative, it can be defined as failed.
Regarding community gardens, we opted for the following variables to assess their success: rules compliance, fairness, participants' perspective on success, and complaints. These variables are measured based on gardener's perception.
The importance of rules compliance by garden members for effective and sustainable resource systems is well explored within commons theory [52, [61] [62] [63] [64] [65] . We defined this variable to range from very low (1) to very high (5) .
Fairness is an additional variable used as a success factor within commons theory that has an impact on rules compliance [62, [64] [65] [66] . In regard to the social sustainability literature, fairness is a further part of the concept of equity [35, 56] . We measured the perceived fairness within the community group by values ranging from 1 (very low) to 5 (very high).
The third variable examined how gardeners perceive success, first related to their personal success and, second, related to their judgement on the success of the garden project as a whole. Thus, we could incorporate diverse understandings of success from the participants' perspective. It is measured by values ranging from 1 (very low) to 5 (very high). The average of both sub variables corresponds to the value for the variable participants' perspective on success.
The last variable that we used as a converse to success [53] is complaints. The variable is built on the average of the sub-variables frequency of complaints regarding community interaction, frequency of complaints regarding the collective use of resources, and conflicts within the community on a scale from 1 (very often/very high) to 5 (very rarely/very low).
Similarly, as for the criterion social interaction and participation, the average of all four variables are used to calculate the degree of the criterion perceived success, ranging from 1 to 5.
By calculating the average of all three criteria we thus determine the degree of social sustainability, ranging from 1 (very low) to 5 (very high).
The variable and criteria combinations were adjusted and reviewed with the help of factor analysis (principal-axis factoring and varimax rotation, SPSS 24).
Variables Affecting Social Sustainability
In the next step, we wanted to examine determinants of diverse degrees of social sustainability. Drawing on variables appearing in the Social-Ecological System Framework [52, 64] , we opted for 7 variables as most important for community gardens and social sustainability ( Table 2 ). The number of variables was adjusted to the sample size. While in commons theory relationships between dependent and independent variables are likely to be nonlinear [64] , we assumed linearity between the variables. We tested the linear relationship of variables by scatterplots and residuals as an assumption of multiple linear regression analysis (see Section 2.3).
We opted for the variable size of the community and heterogeneity of the community since both encourage the garden initiatives and their successful performance over time [54, 66, 67] .
Concerning the variable size of the community, we assume a negative relationship to social sustainability, since within bigger initiatives more skills and investments are required, and the risk of failure increases [53] . We measure the size of the community by referring to the size of the core group, defined as the group that regularly participate in the garden project.
In regard to communities' heterogeneity and its effect on social sustainability, the literature seems more complex. In community gardens literature, scholars often pointed out that the cultural heterogeneity is valuable for the society, e.g., due to express and experience culture collectively, or due to generating knowledge [20, 68, 69] . Eizenberg [20] for instance described community gardens as spaces that emphasize diversity. In addition to that, Jabareen [70] mentioned diversity as a process that ensures social sustainability. On the contrary, in commons theory, very homogenous and very heterogeneous communities are both assumed to have negative effect on social interaction (non-linearity) [64] . However, the relationship of heterogeneity and successful performance is also often discussed in the commons literature [67, 71] . In our research, we considered various forms of social diversity and refer to differences in age, education, income, and culture each measured from 1 (very low) to 5 (very high). The heterogeneity of the community is measured by the average of all these values. Therefore, a "very high" value of heterogeneity means a "very high" diversity according to all of these social differences. We understood diversity of garden communities as an important characteristic and assumed that communities are in general heterogeneous, at least to some degree. Thus, we argued that rather too heterogeneous communities, make cooperation and social interaction more difficult. Therefore, we assume a negative effect of the variable heterogeneity of the community and our concept of social sustainability. However, this negative relation should rather be understood as the difficulty of social interaction and cooperation according to too many diverse interest groups (see Section 4) .
Besides the size of the community and its heterogeneity, trust contributes to the emergence and maintenance of social interaction [54, 64, 72] . However, trust can also emerge through social interaction [73] and thus can be understood as an outcome, too. Nevertheless, we understood trust in the first place, as input to gardens social sustainability, necessary to establish cooperation in the management of urban resources [72] (see Section 4). Trust is measured as general perceived trust within the garden community ranging from 1 (very low) to 5 (very high).
Concerning the variable size of the garden area, we assumed a positive effect on social sustainability. Commons theory refers to medium sizes to be most conducive, while large sizes (e.g., because of high costs to sustain them), as well as too small sizes (e.g., because of little valuable products) face negative effects on sustaining them [52, 74, 75] . Since community gardening takes place in smaller urban areas [1] and gardens are in general limited in size regarding the urban conditions, we assumed that negative effects due to too large sizes will not affect community gardens.
An additional variable which we wanted to assess in its effect on social sustainability is the management group, as this group actually manages, organizes and coordinates the gardening processes. We referred to the already mentioned characteristic value ranging from management is performed by a third party (and therefore not by the gardeners themselves) (1), to management is performed by all citizens (5) .
With the final two variables, we wanted to examine the impact of existing rules and the degree to which they are monitored and sanctioned. Inspired by Ostrom [76] and Schlager and Ostrom [55] , we identified the following group of rules important for community gardens: rules to restrict community size, rules to restrict access to the garden area, rules that govern roles or position within the community, rules that govern harvest rights, rules that govern gardening and food production, and rules that govern the sharing of information. Depending on how many of these rules exist and whether they are defined roughly or in detail in the respective community gardens, they can reach values of rule set and design ranging from 0 (no rules exist) to 12 (detailed rules for all of these groups exist) (see Supplementary Materials, Table S2 ). Related to theory we expect a positive relationship between well-defined rules and social sustainability. The variable monitoring and sanctioning is measured by the already mentioned characteristic value ranging from "a third party" to "all citizens" in combination with sanctioning is taking place or not. For this, gardens can reach values ranging from 0 (no monitoring and no sanctioning is taking place) to 8 (monitoring is taking place by the broader community and sanctions were imposed in the case of rules non-compliance) (see Supplementary Materials, Table S3 ).
Survey and Data Collection
Community gardens have been selected drawing on the most comprehensive available listing of anstiftung und ertomis that currently contains 643 community gardens in Germany [77] . The database offers information on garden location, year of foundation, homepage, contact email, size of the area, and additional information about the garden project. We searched for further information such as size of the city where the project is located or timeliness, to check if the community is still active.
We excluded gardening activities that were still in the planning stage or that appeared to be single public plots with no characteristics of community gardens. Since we also focus on urbanized areas, we excluded gardens in cities with less than 20,000 inhabitants. We further selected productive urban gardens where vegetables and fruits are grown. Overall, we identified 433 gardens suitable for our investigation.
Based on the criteria, we designed a questionnaire consisting 57 questions assigned to seven groups of questions: the garden area, the garden community, funding (not part of this paper), collective action, management and participation, rules, success and failure. We used a questionnaire with predominantly closed questions with a minor number of semi-open questions; the latter were included to discover additional criteria. The online questionnaire was directed to leaders or at least members of the core group of a garden, from whom we expected to have well-founded knowledge to answer specific questions. The respondents were asked to rank their gardens in terms of the presented criteria and variables. Prior examination ensured that questions were easily understood and that the wording did not suggest any particular answer.
The research was conducted from 15 December 2016 to 31 March 2017. We opted for collecting data outside the garden season to allow gardeners to find the required time to answer the questionnaire. Of 433 questionnaires sent out, 123 completely-filled questionnaires were returned (response rate of 28%).
Data Analysis
The completed questionnaires were analyzed using IBM SPSS Statistics 24 (IBM, New York, USA). The multiple linear regression analysis with a threshold of p = 0.05 was used to determine the effect of seven independent variables: size of the community, heterogeneity of the community, perceived trust within the community, size of the area, management group, rule set and design, and monitoring and sanctioning on the dependent, likewise empirically composed variable social sustainability. We examined the residuals and tested independent variables of multicollinearity, and found results to be acceptable.
Results
The following section presents the results of our study: firstly, the assessment of social sustainability in community gardens, and, secondly, the determinants influencing social sustainability.
Social Sustainability in Community Gardens
We developed the criteria social interaction, participation, and perceived success to assess social sustainability. The criteria are, in turn, each based on a set of measurable variables. The criterion social interaction is based on the variables collective use, frequency of collective action, and perceived importance of social exchange. The criterion participation is based on the variables access right, management right, and amount of precondition to participate. The criterion perceived success draws on variables that depict the rules compliance, fairness, participants' perspective on success, and complaints.
The first step was the analysis of the above mentioned ten variables concerning the 123 community gardens examined (Figure 1 ) (see Supplementary Materials, Table S4 for all data presented in this section). Figure 1 . Boxplot of variables to determine the criteria social interaction, participation, and perceived success. Note: n = 123, except for perceived importance of social exchange, access right, and complaints n = 122; fairness n = 121; management right n = 117; and rules compliance n = 112. The dots in the boxplot represent outliers.
The boxplots indicate various ranges within each variable, however overall gardens mostly reach values higher than 3.
The variable collective use demonstrates a range from 2.15 to 5 of the 123 community gardens examined. This result points to a wide range of collective use of resources within community gardens. While there is no community garden using all resources individually (Value 1), we find gardens where all resources are used through sharing without a clear allocation (Value 5). The position of the box between Value 3 and Value 5 indicates that collective use of resources is in general of a high degree.
Frequency of social activities is a variable for which community gardens mostly reach values below 3. The median for the frequency of social activities is right-skewed and reached a value of 1. That means that the variable is not normally distributed and social activities are taking place less than once a month in most of the examined community gardens. Looking at the data in detail, 59 .3% of the 123 examined community gardens reach values of 1. Community gardens that reach values of 5 (i.e., social activities are taking place four times a month and more), are shown as outliers in the boxplot. In total, we have 17 outliers (13.8% of the community gardens) for this variable.
Compared to the variable frequency of social activities, the median for the variable management right is 3, while all other variables reach values of 4, and the variable importance of social exchange and access right even a value of 5.
By looking at the data in detail, taking as an example the variable perceived importance of social exchange, 30.1% of the examined gardeners mentioned importance of social exchange within the garden as "important" (Value 4) and 60.2% as "very important" (Value 5). In total, 5.7% mentioned the importance of social exchange as "neither unimportant nor important" (Value 3), while 3.2% mentioned social exchange as "unimportant" (Value 2). The latter are illustrated as outliers in the box plot in Figure 1 . We further have one missing value for this variable (one gardener answered "I do not know"; n = 122).
Taking another example, in 54.5% of the examined community gardens all citizens have access rights to the garden area (Value 5), in 41.5% of the gardens all gardeners have access rights (value 4), while in 1.6% of the examined gardens only the core group (Value 3), and in 1.6% of the examined community gardens only the leader group has access right to the garden area (Value 2; illustrated as outliers). Again, we have one missing value for this variable (n = 122).
Participants' perspective on success is yet a further example where most of the gardens reach values of 4 and higher. By looking at the data in detail, we see that in 75.5% of the examined gardens participants perspective on success is "high" (Value > 3.5) to "very high" (Value 5), and in 24.5% "neither high nor low" (Value 3-3.5). The latter are again illustrated as outliers. However, none of the outliers shown in Figure 1 are excluded from further calculations.
Based on the results of the variables, the criteria social interaction, participation, and perceived success are calculated. As can be seen in Figure 2 , for perceived success, community gardens reach higher values, compared to the criteria social interactions and participation. The median for the criterion perceived success is 4.1 (Arithmetic mean = 4.0). The median for the criteria social interaction and participation are 3.4 (Arithmetic mean = 3.5) and 3.7 (Arithmetic mean = 3.7), respectively. 
Determinants of Social Sustainability
This section demonstrates the causality of social sustainability as our dependent variable to the defined independent variables: community size, heterogeneity of the community, perceived trust within the community, size of the area, management group, rule set and design, and monitoring and sanctioning. Table 3 presents the results of the seven independent variables and the 123 community gardens examined. Table 4 presents the results of the multiple linear regression analysis (see Supplementary Materials,  Table S5 for all data presented in this section).
As can be seen in Table 3 , the size of the community ranges from 2 to 82 participants and confirms the diversity of group sizes within community gardens found in literature. The arithmetic mean of the community core size is 13.19. The mode indicates that 10 is the core group size that appears most often in the 123 community gardens examined. Regarding the heterogeneity of the community, values range from 1.5 to 5, with an arithmetic mean of 3.41. In addition to the mode of 3, this result indicates that the heterogeneity in community gardens is mostly "neither low nor high". The results for perceived trust within the community range from 2 to 5, the median and mode of 4 indicate a "high" perception of trust.
Looking at the sizes of the area, the smallest is 25 square meters, while the largest is 12,000 square meters. The arithmetic mean of the area size is 2323 square meters. These results again confirm the diversity of community gardens.
Regarding the variable management group, values range from 1 to 4. The median and mode of 3 indicate that mostly the core group is actually managing the garden. We further find a spread of values for the variable rule set and design, covering a range from 0 (no rules exist) to 12 (detailed rules for the six identified groups exist). The result of the arithmetic mean of 3.6 (median and mode of 4) indicates that, within community gardens, detailed rules are not of high importance.
In addition, the results for monitoring and sanctioning range from 0 (no monitoring and no sanctioning is taking place) to 8 (monitoring is taking place by the broader community and sanctions were imposed in the case of rules non-compliance). However, the mode of 3 indicates that, in the community gardens examined, monitoring is mostly taking place by all gardeners, while no sanctions were imposed if gardeners do not follow the rules (see Supplementary Materials, Table S3 ). We carried out a multiple linear regression to analyze the relation of the independent variables and the dependent variable social sustainability. Table 4 shows an r 2 of 0.396 and an adjusted r 2 of 0.358. The p-value < 0.001 indicates the statistical significance of the regression. The regression coefficients indicate a positive statistical significant influence of the variables perceived trust within the community and management group on the dependent variable social sustainability. The results further indicate a negative statistical significant influence of the variable heterogeneity of the community on the dependent variable social sustainability. Our empirical data show that the variables size of the community, size of the area, and rule set and design have a negative effect on social sustainability, however, these results are not statistically significant. The variable monitoring and sanctioning point to a positive impact on social sustainability, even though not statistically significant.
Looking at the Beta values, perceived trust within the community has the highest effect on social sustainability. The second highest effect comes from the management group, followed by the heterogeneity of the community, size of the community, the rule set and design, and the size of the area. The variable monitoring and sanctioning has the weakest effect on social sustainability. 
Discussion on Social Sustainability of Community Gardens
Community gardens are socially-oriented and collectively managed urban agriculture activities that provide economical, ecological, and, in particular, social benefits. Referring to the increasing number of studies discussing the social benefits of community gardens, this paper provides a new methodological approach to evaluate the social sustainability of community gardens according to their social interaction, often referred to as social capital. We thus aim to empirically analyze the social functions and make social sustainability operational. Hence, we refer to social interaction as an important criterion contributing to social sustainability [11, 32, 48, 49] , a main motivation, and essential characteristic of community gardens, particularly in developed countries. We further consider the possibility for urban residents to participate in community gardens and the success of these social arrangements. Therefore, the criteria social interaction, participation, and perceived success are developed and defined by respective variables. Calculating social sustainability by using the arithmetic mean of criteria and variables instead of the median appears helpful to achieve more differentiated results. The range of gardens' social sustainability varying from 2.80 to 4.94 seems sufficient to illustrate various degrees of social sustainability and express the importance of community-serving functions of the gardens (Figure 3 ). While we find similarities within the community gardens, the results further indicate differences by comparing the single variables, as well by looking at one single variable. Consequently, the results confirm the diversity of community gardens as well.
Through the various degrees of social sustainability, we are able to examine causalities to further garden characteristics. We opted for seven independent variables mainly based on commons theory, of which we wanted to measure their effect on social sustainability. The results of the multiple linear regression analysis indicate that social sustainability is positively influenced by perceived trust within the community. Therefore, our results confirm the positive effect of trust on social interaction described in literature and commons theory. It seems obvious that higher perception of trust leads to higher interaction, more collective action, as well as to less conflicts and higher rules compliance, and thus higher social sustainability. While we understand trust as an independent variable that affects the outcome social sustainability, trust can also emerge through social interaction and thus can be understood as an outcome, too-a circular process naturally occurring in dynamic systems such as community gardens. In a long-term perspective, social interactions may lead to higher levels of trust. Trust can, therefore, be more important as a product of social sustainability than as a contributor. However, this requires repeated interaction among the same members of the communities, i.e., communities that are stable over longer periods with less fluctuation. As we have to take a partly static view-at least for the moment of analysis-we considered trust relations as an input to the system. We further opted to consider trust as an independent variable since it enables the establishment of the new urban communities.
Besides trust, our results demonstrate that the management group has a positive statistical significant impact on social sustainability. There seems to be a higher potential of social sustainability if not a small party (a third party or the leader group) is managing the garden, but rather a broader community group is in charge of the initiative.
Another variable that shows a statistically significant impact on social sustainability is the heterogeneity of the community. Our results of the linear regression analysis indicate a negative relation of too heterogeneous communities and social sustainability, and therefore confirms our assumption at the high and of the scale. However, we have to state out, that our concept of social sustainability bases on social interaction, and cooperation. These negative relations should rather be understood as the difficulty of social interaction and cooperation according to too many diverse interest groups, than a value of social sustainability. Too heterogeneous hereby means a high diversity in many aspects: age, education, income, and culture. Further, research could investigate on these diverse aspects (e.g., education, culture, age, and income) and its contribution to social sustainability separately. Additionally, according to the literature, the impact of heterogeneity on collective action is likely to be non-linear, however, the scatterplots did not indicate a curvilinear relationship. A reason might be that for its justification we would need larger datasets. However, Mansuri and Rao [71] and Ostrom [54, 67] pointed to the complexity of social heterogeneity and the fact that the variable is also affected by other variables.
Our results on size of the community show a negative but not statistically significant effect on social sustainability, which confirms results in other studies, showing that too large communities may negatively affect social interaction among community members, since too many diverse interests need to be considered and more complex negotiation processes would be necessary [52, 53] . However, Ostrom [67] also pointed to several studies that do not confirm the effect on community size on successful management of shared resources. Nevertheless, according to our results, sizes of 10-15 gardeners participating regularly seems to be a moderate group size. In addition, group size may depend on the size of the garden area. However, our results indicate only a weak correlation of sizes of the community and size of the garden area (r = 0.216; p = 0.016; Pearson's correlation coefficient) [58] .
An interesting point for the scholarly debate in commons theory is that the variable rule set and design shows a negative effect on social sustainability of gardens. Although we could not show this with statistical significance, the indication of such a relation deserves a closer look. We expected a positive connection of social sustainability by the presence of well-developed, detailed rules [55, 76] . The apparent discrepancy to theoretically based assumptions might be due to the very open and dynamic structure of community gardens, confirmed by a detailed look at the data. Of all of the examined rules, access rules and community size rules are those for which most of the gardens do not even have rules (71.5% of the gardens do not have access rules and 78.0% do not have community size rules). This fact suggests the openness of community gardens and their welcoming culture, even though they have to face conflicts due to a high number of users. Most rules, as well as most detailed rules, are developed regarding gardening and food production, however withdrawal rules (e.g., who can harvest and how much) are less developed. Since community gardens do mainly serve social functions and as this main purpose is obvious to the gardeners joining, not all rules have to be spelled out in a detailed manner, or if so, this might even affect the social sustainability negatively.
Our results further indicate no relationship of the size of the area on social sustainability. On the one hand, we expected a positive causality due to more physical space for social interaction and more possibilities to test new forms of interaction. On the other hand, this result confirms the importance of the openness and welcoming culture, even if just little space is available. This is proven by an additional analysis of correlations between the size of the area and access rights (r = −0.055; p = 0.544; Spearman's correlation coefficient), and the size of the area and community rules (r = 0.037; p = 0.684; Spearman's correlation coefficient) that indicates no correlation. Based on our empirical data, this result proves that even small community gardens are open to the public and do not implement rules to restrict the community size.
The weakest effect on social sustainability shows the variable monitoring and sanctioning, likewise not statistically significant. According to the result that rule design is not of high importance, it is not surprising that monitoring rules compliance and performing sanctioning has such a weak effect. A detailed look at the data disclose that monitoring is mainly taking place by "all gardeners". In addition, only in 37.4% of the gardens de-facto sanctioning is taking place, while in 52.0% no sanctioning is taking place in the case of non-compliance to rules (10.6% of the gardeners did not know if sanctioning is taking place).
Finally, even though not all results are statistically significant we are able to explain 35.8% (adjusted r 2 ) of the variance in the dependent variable by the determinants we developed in the presented methodological approach. Since we examine social processes which depend on many diverse factors, the r 2 of 0.358 can be considered as good. An even higher r 2 might be achieved if additional factors were to be considered, however, an even larger sample size would be necessary.
Although our study measures social sustainability by focusing on social interaction, we see a connection to additional subjects of social sustainability. Social interaction in community gardens leads to social cohesion and social ties, which can contribute to citizens' well-being and health, since they can bring positive health effects and community involvement. Therefore, our model can also be included in further research studies to measure social sustainability, or more particular additional aspects of social sustainability.
A weakness of our empirical data collection is that only one member of the leader or the core group was involved in the study. Regarding the variables, e.g., social importance of the community garden, participants' perspective on success or complaints, we thus only received the perception of one community member. In addition, leaders or core group members are most aware of collective aspects of the gardens or are most interested in them and thus provide positive biased answers. Further research could lead to adapt our model assumptions and may find further determinants of social sustainability in community gardens. Additional social benefits, e.g., health, environmental justice, or food security, can be relevant to assess social sustainability in developed as well as developing countries. Analyses with our data were not carried out on the broader social functions of community gardens as a form of urban agriculture that answers a few key challenges of current urban settings. They provide a way to integrate immigrants better into existing communities, on account of cultural exchange possibilities and just working next to each other without further specifically designed integration attempts. Furthermore, being active in "successful" self-organization in a public space could confront the widely recognized democratic fatigue and discontent with political power holders expressed in the recent election results all over Europe. In addition to that, it is of great interest to analyze community gardens impact on social change and social transformation leading to sustainable lifestyles in the long-term perspective.
Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/10/4/1085/ s1, Table S1 : Data and analysis of the variable collective use, Table S2 : Data and analysis of the variable rule set and design, Table S3 : Data and analysis of the variable monitoring and sanctioning, Table S4 : Data and analysis of the variables and criteria that determine social sustainability, Table S5 : Data and analysis of the variable participants' perspective on success, Table S6 : Data and analysis of the variable complaints, Table S7 : Data of variables affecting social sustainability, Table S8 : Data and analysis of the variable heterogeneity of the community.
